"In the Earth's atmosphere, the planetary boundary layer is the air layer near the ground affected by diurnal heat, moisture or momentum transfer to or from the surface". This definition, obtained from 1 , may introduce the Marine Atmospheric Boundary Layer (MABL) as the planetary boundary layer over the sea surface. In this layer, important exchanges of sensible and latent heat and momentum take place over a large spectrum of time and spatial scales, driving the sea waves, the drift ocean currents and the storage of CO 2 by the sea due to the wind and the breaking waves. In this context, the leading quantity is the wind vector U. Its assessment is of paramount importance in the evaluation of the wind stress τ = C d (T a , T s , T d ) · |U| 2 , (the drag coefficient C d is a function depending, in a first approximation, on the air T a , the sea T s and the dew T d temperatures), and of the gas transfer velocity k = 2.8310 −2 · |U| 3 (Monahan, 2002), for instance. One of the major problems in understanding the dynamics of the wind in the surface layer, the bottom layer inside the MABL where the turbulent fluxes exhibit a variability smaller than 10%, is the difficulty to get experimental data at spatial scales from few meters to few kilometers. The satellite sensors discussed in this chapter measure the backscatter from the sea surface, providing maps directly related to the characteristics of the surface layer and to the wind blowing inside this layer. Satellite active microwave sensors are the only instruments able to provide information about the spatial structure of the wind in the marine surface layer over large areas.
The Marine Atmospheric Boundary Layer
"In the Earth's atmosphere, the planetary boundary layer is the air layer near the ground affected by diurnal heat, moisture or momentum transfer to or from the surface". This definition, obtained from 1 , may introduce the Marine Atmospheric Boundary Layer (MABL) as the planetary boundary layer over the sea surface. In this layer, important exchanges of sensible and latent heat and momentum take place over a large spectrum of time and spatial scales, driving the sea waves, the drift ocean currents and the storage of CO 2 by the sea due to the wind and the breaking waves. In this context, the leading quantity is the wind vector U. Its assessment is of paramount importance in the evaluation of the wind stress τ = C d (T a , T s , T d ) · |U| 2 , (the drag coefficient C d is a function depending, in a first approximation, on the air T a , the sea T s and the dew T d temperatures), and of the gas transfer velocity k = 2.8310 −2 · |U| 3 (Monahan, 2002) , for instance. One of the major problems in understanding the dynamics of the wind in the surface layer, the bottom layer inside the MABL where the turbulent fluxes exhibit a variability smaller than 10%, is the difficulty to get experimental data at spatial scales from few meters to few kilometers. The satellite sensors discussed in this chapter measure the backscatter from the sea surface, providing maps directly related to the characteristics of the surface layer and to the wind blowing inside this layer. Satellite active microwave sensors are the only instruments able to provide information about the spatial structure of the wind in the marine surface layer over large areas.
Satellite active microwave sensors
The active microwave sensors (Campbell, 2002; CCRS, 2009; Elachi, 1988) are radars operating in the microwave region (1 to 30 GHz in frequency, 1 to 30 cm in wavelength) at different polarizations and incidence angles. Over the sea, the radar return depends, besides the geometry of the radar illumination, from the degree of development of the sea surface roughness (Valenzuela, 1978) , composed by centimeter sea waves produced by the wind. Since the wind field has its own spatial pattern, which depends on its strength, on the thermodynamic characteristics at the air-sea interface and on the interaction between the wind flow and the orography, the sea surface roughness it generates its spatial features. The radar backscatter does reproduce, in turns, the sea surface roughness. Therefore, the study of the characteristics of the radar backscatter provides information on the characteristics of the wind and of the MABL. The sea surface roughness is also modulated by some pre-existing oceanographic phenomena, like sea surface gravity waves, internal waves and ocean currents, or by the presence of oil slicks on the sea surface, which muffle the roughness. These modulations permit the detection of these oceanographic phenomena, besides the wind field. This section introduces the two most popular radar sensors: the scatterometer, used to measure the wind field over the ocean, and the Synthetic Aperture Radar (SAR), used for a variety of applications, from land (forestry, geology, agriculture) to ocean (ocean surface waves, currents, ocean wind).
Spaceborne scatterometers
At present, the two most important satellites carrying scatterometers are the NASA QuikSCAT (JPL, 2006) and the Eumetsat Metop (Eumetsat, 2007) . Both fly on a polar sun-synchronous orbit of about 100 minute of period. QuikSCAT has a repetition cycle of 4 days, whereas Metop of 29 days. This means that every 4 (29) days the scatterometers cover exactly the same areas of the Earth. The scatterometer winds are referenced to 10 m of height above the sea surface and to equivalent neutral air-sea stability conditions. Scatterometer data are widely used by the scientific meteorologic community: they are assimilated into the global atmospheric models (Isaksen & Janssen, 2008; Isaksen & Stoffelen, 2000) , used operationally for coastal (Lislie et al., 2008; Milliff & Stamus, 2008) and tropical cyclone (Brennan et al., 2008; Singh et al., 2008) wind forecasting, in global scale and mesoscale meteorology studies (Chelton et al., 2004; Liu et al., 1998; Zecchetto & Cappa, 2001) , in climatological studies (Kolstad, 2008; Risien & Chelton, 2008; Zecchetto & De Biasio, 2007) , in the assessment of the performances of the global (Chelton & Freilich, 2005) and regional atmospheric models (Accadia et al., 2007) , in the oceanic simulations (Millif et al., 2001; Ruti et al., 2008) .
SeaWinds on board of QuikSCAT satellite
QuikSCAT is a NASA satellite launched in June 1999. It provides, by means of the on board scatterometer SeaWinds working at Ku band (13.4 GHz), wind fields with spatial resolution of 25 km × 25 km and 12.5 km × 12.5 km at neutral air-sea stability conditions. SeaWinds is a scatterometer with a rotating antenna, measuring the wind in swaths 1800 km wide. Because of the operating frequency, QuikSCAT data can be seriously contaminated by rain (Jones et al., 1999; Portabella & Stoffelen, 2001) . For this reason the wind data are provided with the probability that the columnar rate of rain exceedes 2 km mm h −1 , (Huddleston & Stiles, 2000) , which can be used to discard the contaminated data. Figure 1 reports a SeaWinds swath over the European waters. The data used here are the level L2B data set, available at PODAAC 2 . According to the sensor specifications, the QuikSCAT winds have an accuracy of 2 ms −1 in speed and 20 • in direction in the wind speed range 3-20 ms −1 , but the actual accuracies are generally better (1 m s −1 and 23 • (Ebuchi et al., 2002) , 1.3 m s −1 and 27 • (Pickett et al., 2003) , 1.7 m s −1 and 14 • (Chelton & Freilich, 2005) ). 
ASCAT on board of Metop satellite
Since May 2007, the European satellite Metop is operational: among other instruments, it carries the scatterometer ASCAT. Differently from QuikSCAT, ASCAT has fixed antennas in the two sides of the satellite, producing a swath composed by two sub-swaths 500 km wide, 768 km apart. The available spatial resolutions are 25 km by 25 km and 12.5 km by 12.5 km. Working at C-band (5.255 GHz), ASCAT data are only slightly affected by rain. Figure 2 reports a swath of ASCAT over the European waters at spatial resolution of 25 km by 25 km. ASCAT wind data are available at Eumetsat 3 or in near real time from the Dutch Met Office (www.knmi.nl), disseminating the data on behalf of the Ocean & Sea Ice Satellite Application Facility (www.osi-saf.org) of EUMETSAT (www.eumetsat.org). 
The Synthetic

Mesoscale wind meteorology from scatterometer data
The mesoscale may be defined, according to Orlanski (1975) , as composed by three subranges: the mesoscale γ, from 2 km to 20 km, β, from 20 km to 200 km and α, from 200 km to 2000 km. This range is of uttermost importance, since in this range the wind controls the atmosphere's dynamics. This range is also sensitive to local modulations of the wind field, especially in regions where steep orography surrounds the various basins. Indeed, this is the range where global models have a decreased ability in reproducing the surface wind field. One of the regions where the atmospheric phenomena frequently occur in the mesoscale range is the Mediterranean Basin, which is chosen here as the area of interest. The Mediterranean Basin is a semi-enclosed basin, having maximum extent of about 4000 km east-west and of about 1200 km north-south. It is almost entirely surrounded by mountain chains (with the exception of the east coast of Tunisia), which often raise nearby the coastline. The complexity of the coastal orography and the presence of mountainous islands deeply influence the local scale atmospheric circulation in the MABL, producing local effects at spatial scales down to a few kilometers. In the Mediterranean Basin, many regional wind systems, local cyclogeneses and wind flow disturbances induced by orography have a spatial variability at the mesoscale β. Up to now, the atmospheric phenomena at this scale in the Mediterranean Basin have not been extensively studied, mainly due to the lack of high spatial resolution data.
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Parameters describing the wind field characteristics
Besides the mean wind field, several other parameters are important in defining the wind spatial structure, i. e. the wind gustiness, the wind steadiness and the wind speed variability.
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The wind speed gustiness G is defined as:
where U i is the wind speed modulus at time i, and U the mean value of ensemble {U i }. The gustiness is a non-dimensional parameter providing information on the turbulent intensity of the wind. All the previous quantities are related to wind speed, neglecting wind direction. The wind steadiness coefficient S, expressed as
where u i and v i are the zonal and meridional wind components, provides insights into the variability of the wind direction. This non-dimensional parameter, which expresses the ratio between the mean vector and the mean scalar wind speed, ranges from 0 (wind direction randomly changing) to 100 (constant wind direction). It permits the identification of persistent wind regimes. The wind speed variability σ w is the wind standard deviation computed over the period considered, and may be considered to integrate the information provided by the non-dimensional gustiness.
Temporal sampling and spatial coverage
To study the climatological spatial properties of a field, it is important to know how it has been produced and the temporal sampling of the area of interest. One of the important aspects concerns the scatterometer pass time over a region of interest. Considering the Mediterranean Basin, the pass time of QuikSCAT and ASCAT, regardless the number of data per passage, may be inferred from Fig. 3 , which reports the frequency distribution of the pass time as a function of the day time for January 2008. QuikSCAT swaths the Mediterranean Basin in the early morning and early afternoon, while ASCAT in the middle morning and evening. Figure 4 reports the map of the number of hits provided by QuikSCAT and ASCAT together over the European waters for one month (January 2008). The sampling roughly increases with latitude, from the ≈ 50 hit month −1 of the eastern Mediterranean to the ≈ 140 hit month −1 above 60 • . In the Mediterranean Basin there are about two measurements per day: this permits to represent the temporal evolution of the wind only at scales longer than one day, but prevents to study of the wind associated to phenomena like fronts or cyclogeneses.
With the present coverage provided jointly by QuikSCAT and ASCAT in the Mediterranean Basin, it is possible to study the spatial structure of the winds in the mesoscale α and β, while their temporal evolution only in the mesoscale α.
Climatological spatial structure of the wind
The short time climatology of the spatial structure of the wind has been built over the ten years of QuikSCAT data available (July 1999 to May 2009), and presented here in terms of seasonal fields. To illustrate some aspect of the climatological spatial structure of the wind over the Mediterranean Basin, the winter and summer maps of wind speed variability σ w and of wind steadiness S are presented. Before to present them, it is useful to sketch the general characteristics of the large scale wind circulation over the Mediterranean basin.
The Mediterranean weather is mainly driven by the Atlantic weather which, locally modified over the Mediterranean area (HMSO, 1962) , produces a secondary weather system of spatial scales smaller than 500 km or so, frequent in all seasons. This is due both to the basin size and its geographic configuration: the coastal steep orography and the presence of large islands may modify the synoptic scale air flows over the region producing well distinct circulations on regional scale (Zecchetto & Cappa, 2001; Zecchetto & De Biasio, 2007) . Many of the most important regional winds in this basin are indeed the product of the interaction between the synoptic scale flow and the local orography. However, the Mediterranean Sea, due to its longitudinal extension, can be subject to various (sometimes co-exiting) circulation regimes as, for instance, the etesian wind circulation in the Eastern Mediterranean during summer, mainly linked to the Asian Monsoon (Ziv et al., 2004) . However, several regional wind circulations are coexisting, such as the northeastern bora wind (Pandžić & Likso, 2005; Yoshino, 1976) affecting the Adriatic Sea, and the northern winds of Black Sea, where a cyclonic circulation dominates the eastern part of the basin and an anticyclonic one prevails in its western side (Efimov & Shokurov, 2002) . Fig. 5 , it is easy to attribute the highest wind variability, found in areas at the wind lee side, to the influence of the interaction between the wind flow and the orography. This is particularly evident between Corsica and Sardinia and between Crete and Rhodos islands in the eastern basin in winter and summer, both due to the funneling and island shielding effects. The orographically induced effects may be seen also in Adriatic and Aegean seas in winter and in the southern Turkey. Figure 7 reports the maps of wind steadiness for winter (top panel) and summer (bottom panel). The highest steadiness is found in the eastern Mediterranean in summer, as effect of the etesian wind circulation. In winter, www.intechopen.com the moderate steadiness is highest in the area interested by the mistral (Gulf of Lion up to the Sicily Channel) and south of the Crete-Rhodos islands. In this season, also the steadiness pattern in the Adriatic Sea reveals the signature of the northeastern bora. 
Atmospheric models and scatterometer wind fields
This section is aimed to show similarities and differences of the wind fields derived from scatterometer and from a regional atmospheric model, a topic faced in Accadia et al. (2007) . The surface wind has been forecasted by a limited area model, the Quadrics Bologna LimitedArea Model (QBOLAM) , a parallelized version of BOLAM (Buzzi et al., 1994) , covering the whole Mediterranean area with 0.1 • by 0.1 • grid resolution. Figure 8 reports the fields of the normalized mean wind speed for October 2000, as derived from QuikSCAT (top panel) and QBOLAM (bottom panel). The fields are normalized to make them more comparable. Apart from the differences on the spatial structure of the wind (the model winds are more westerlies than those measured by scatterometer), note the different representation of details provided by the two fields. Despite QBOLAM has a nominal spatial
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Ocean wind ields from satellite active microwave sensors 273 resolution of 0.1 • (about 10 km in latitude and 7 km in longitude), higher than that of scatterometer (12.5 km by 12.5 km), its fields result smoother. This common feature of the model fields, discussed in Chèruy et al. (2004) and Skamarock (2004) , stresses the importance of the satellite winds in studying the mesoscale spatial features of the wind.
Small-scale structure of the MABL from SAR images
The increased availability of satellite SAR images offers to scientists many opportunities to investigate the structure of the MABL over the sea and coastal areas. Scientific literature about SAR images over the ocean has shown a variety of geophysical phenomena detectable by SAR (Alpers & Brümmer, 1994; Kravtsov et al., 1999; Mitnik et al., 1996; Mityagina et al., 1998; Mourad, 1996; Sikora et al., 1997; Zecchetto et al., 1998) , including the multiscale structure in the atmospheric turbulence under high winds and the structure of the convective turbulence under low wind. More recently, some effort has been devoted to evaluate the wind direction, using the backscatter signatures produced by the atmospheric wind rolls or those occurring at the lee side of islands (Vachon & Dobson, 2000) as effect of wind shielding, by computing the local gradient of the image backscatter (Horstmann et al., 2002; Koch, 2004) or by using the two dimensional Continuous Wavelet Transform (CWT2) (Zecchetto & De Biasio, 2002; Zecchetto & De Biasio, 2008) . This section illustrates the ability of the CWT2 in detecting and quantifying the backscatter pattern linked to the spatial structure of the MABL. It summarizes the CWT2 methodology applied to SAR images, providing the results obtainable by showing a case study chosen among the hundreds of images analyzed. The extraction of the wind field from SAR images, a follow up of the CWT2 analysis, is then illustrated at the end.
The methodology
The Continuous Wavelet Transform (Beylkin et al., 1992; Foufoula-Georgiou & Kumar, 1994) f of a function f (u) is a local transform, dependent on the parameters s and τ, defined as
where ψ (s,τ) (u) = ψ u−τ s is the mother wavelet at a given scale (or dilation) s and location τ (the asterisk denotes complex conjugation). The quantity |f (s, τ)| 2 plays the role of local energy density at given (s, τ). The Continuous Wavelet Transform in two dimensions (CWT2) is then,f
The CWT2 has been computed using the Mexican Hat as mother wavelet, able to capture the fine scale structure of the data and suitable for the continuous wavelet transform because it is non-orthogonal. The images must be preprocessed before the CWT2 analysis, to mask the land and to mitigate the effects introduced by the variation in range of the radar incidence angle. This avoids that structures on the inner part of the image, where the radar incidence angle is smaller and the radar backscatter higher, prevail on the outer ones. The choice of the scales is very important because it defines the geophysical phenomena to investigate: if the wind field retrieval is of interest, the spatial range is set from 300 m to 4 km; if phenomena such as the atmospheric gravity waves are the object of study, the spatial range has to be set from 4 km up to 20 km.
www.intechopen.com A basic quantity yielded by the CWT2 is the wavelet variance map, derived from the wavelet coefficients. Providing information about the energy distribution as a function of (s r , s c ), in the same way as the two dimensional Fourier spectrum does as a function of wavenumbers, it is used to select the scales, taken around the maximum of the wavelet variance map, to build a SAR-like map (reconstructed map). This is obtained adding the wavelet coefficient maps at the selected scales: a SAR-like image is thus obtained, representing a spatial pattern due to the most energetic spatial scales present in the original SAR image. The reconstructed map undergoes a threshold process to isolate the structures from the background. The result of this procedure is a map of backscatter cells, then used as a mask on the original SAR image to get the values of the radar backscatter inside the detected cells, as well as to estimate their shape and size. The reconstructed map depends on the range of www.intechopen.com
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A case study
The image selected for the case study (Fig. 9, top panel) is an Envisat ASAR Wide Swath image taken in the Crete island area (eastern Mediterranean Sea, Fig. 9, bottom panel) . This image covers about 400 km by 400 km, with a pixel resolution of 75 m by 75 m. It has been downloaded from the ESA site 4 . The tilting effect due to the change of the radar incidence angle -from 16 • on the right side to 43 • on the left side, hinders to see the fine structure of the radar backscatter, however well visible in the image blow-up reported in Fig. 10 : the wind rolls may be seen in many parts of this image, especially in its top right part. Fig. 10 . A blow-up of the ASAR Wide Swath image shown in Fig. 9 , roughly corresponding to the area at north-east of Crete.
The larger backscatter structures, as those due to the atmospheric gravity waves east of Karpathos and to the wind sheltering by islands, at the islands lee side) (the wind blowed from northwest) are easily detectable. The map reconstructed in the range 0.3 km ÷ 4 km, shown in the left panel of Fig. 11 , evidences the small scale structure of the radar backscatter, formed by elliptic cells with major axis orientation falling into two classes, as evidenced by their distribution reported in the inset. The existence of these two classes is due to the texture of the SAR images, and does not represent the geophysical pattern of the backscatter cells excited by the turbulent wind, which may be singled out taking those with directions close to the most probable one, in this case θ = 300 • . Thus a reconstructed map with only the cells produced by the wind can be obtained. Figure 12 reports it for the whole image of Fig. 9 (left panel) and for a portion of it (right panel). Note the uneven spatial distribution of the cells but also the high spatial resolution of information obtained. From this map, used as a mask over the original one, it is then possible to retrieve the wind field (Zecchetto & De Biasio, 2008) and to produce a statistics of the cell's size, which may have important implications of the study of the air-sea interaction because it can be linked to the structure of the MABL. The map reconstructed in the range 4 km ÷ 20 km, reported in the left panel of Fig. 13 , clearly shows the pattern of the atmospheric gravity waves in its upper right part. The two dimensional spectral analysis of this map yields the 2D spectrum shown in the right panel of Fig. 13 , where two directions are evidenced: that of the maximum energy, occurring at a peak wavelength of 8350 m and an aliased direction of propagation of 296 • , and a secondary one, due to the presence of different atmospheric gravity wave trains in the image, with a peak wavelength of 16.7 km and a direction of 63 • . These information may be used, as in Sikora et al. (1997) , to estimate the vertical thickness of the MABL.
Wind field extraction: choice of the wind aliased direction
The aliased wind orientation is taken as that corresponding to the most frequent mode of the distribution of cell's direction: in the example reported, the directions around Φ = 300 • have a frequency of 54%, whereas those around Φ = 60 • a frequency of 46 %. These frequencies may differ more in some case (70% to 30% or so), while in some other they can result very similar making difficult the choice of the aliased direction. Their variability across the SAR data set likely depends on the characteristics of the images.
Wind field extraction: dealiasing
The dealiasing technique takes advantage of the idea, formulated by Zecchetto et al. (1998) in a case of convective turbulence, that the wind gustiness, modulating the mean wind speed, produces patches of roughness characterized by an asymmetric distribution of energy along the wind direction. The speed modulation acts inside the cells: higher backscatter is expected at the leading edge of the patches, then decreasing towards the trailing edge, allowing the wind direction dealiasing. This figure is coherent with the layout of the wind cells, organized like "pearls on a string" (Etling & Brown, 1993) , as well as with their inner structure (Zecchetto & De Biasio, 2002) .
Wind field extraction: wind speed computation
Once assessed the wind direction, the speed has been computed from the mean radar backscatter of the selected cells using the CMOD5 model (Hersbach et al., 2007) , an empirical model converting the radar cross section at C-band to the wind speed, once the radar incidence angle and the wind direction are known.
The resulting wind field
The wind field derived from the ASAR image of Fig. 9 is shown in the left panel of Fig. 14 , along with the contour plot of the wind speed in the right panel. The wind field is spatially uneven because it has been computed over the detected cells. Where the wind is low, as at www.intechopen.com the lee side of eastern Crete, the spatial density of cells is low too and the wind vectors result more sparse. The SAR derived wind field provides very detailed information about the spatial structure of the wind and an estimate of the wind much closer to coast than scatterometer, as the Fig. 15 , which reports the QuikSCAT wind field at 12.5 km of resolution (left panel) and the contour plot of the wind speed (right panel) suggests. 
Conclusions
This chapter has introduced the satellite scatterometer and SAR, the two satellite radar sensors which may be used to evaluate the wind fields over the sea. A third instrument, the radar altimeter, able to provide only the wind speed over the satellite track, has not be treated because it hardly can be used for mesoscale wind study. Scatterometer is the most experienced sensor for the measure of the wind field, and its ability to detect detailed features of the wind in the mesoscale is well known. The spatial resolution it provides is sufficient for open sea applications, but insufficient for coastal wind studies, since the data closest to coast are at least 25 km away. Furthermore, the temporal sampling at middle latitudes, roughly two samples per day, is still insufficient for a suitable description of the time evolution of the winds associated to the frontal passage or local cyclogenesis. The SAR derived wind fields solve the problem of coverage close to coasts, providing very resolute wind fields and permitting to infer the wind speed variability in these areas, as done by Young et al. (2008) . Concerning the time sampling provided by operative SARs, this is an open question, the answer depending on many factors: the imaging capabilities of satellites (Radarsat2 has an imaging capability of 28 minutes/orbit, Envisat ASAR 30 minute/orbit for imaging modes and all orbit in the Global Monitoring Mode), the priorities of the different SAR missions (SAR is used over land and over sea), the spatial resolution required. To provide some number, the Envisat ASAR has an average revisit of seven days at the equator, improving to nearly every five days at 45 • . With such a revisit time, only research applications can be envisaged, as a monitoring of whatever atmospheric phenomenon would suffer for the unsuitable time sampling. However, the constellations of satellites like the CosmoSkyMed mission, will offer, in principle, a revisiting period of < 12 hours, approaching the threshold of six hours considered the minimum time sampling to describe the evolution of the winds.
